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(57) Abstract: Commercial aircraft are protected from attack by infrared seeking guided missiles through the utilization of a ground- 
based directed infrared countermeasure system in which the deployment of an IR guided missile is detected offaircraft and more 
particularly on the ground. An infrared laser beam is projected towards the detected missile such that the projected laser infrared 
radiation impinges upon the missile from the rear. The off-axis infrared radiation illuminates the IR transmissive dome at the head 
of the missile where it is internally reflected back towards the IR detector carried by the missile through the total internal reflection 
characteristics of the dome. The domes of these missiles are typically made of a high index of refraction IR transmissive materials 
such that the materia] is prone to total internal reflection. The infrared laser generated radiation is a modulated so as to interfere with 
the guidance system of the missile causing it to execute a turn and plunge to the ground. In one embodiment, the long wavelength 
infrared laser is a 100-W laser with a beam width of 100 microradians, thus to provide a zone of protection of about three miles. 
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BACK ILLUMINATION METHOD FOR 
COUNTER MEASURING IR GUIDED MISSILES 

FIELD OF INVENTION 
This invention relates to countermeasure techniques and more particularly to 
countermeasuring missiles by illuminating the missile from the rear with an 
appropriately modulated laser beam. 

BACKGROUND OF THE INVENTION 

The wide proliferation of IR missiles both air-air and surface-to-air has led to. 
the military development of a variety of infrared countermeasure systems. This 
includes such systems as cued IR flares, towed IR decoys, omnidirectional on-board 
jammers and lamps and laser based directable jammers. 

Of these types the only effective jammers for protection of large aircraft against 
the large inventory of missiles is the directable laser jammer, also known as DIRCM or 
the Directed Infrared Countermeasure System. 

DIRCM systems operate based on a cue from a missile's warning system that 
slews a pointing and tracking sensor to track the threat missiles and then emits laser 
jammer radiation onto the missile dome. These systems are co-located on the aircraft 
and emit modulated waveforms which deceive the missile guidance. The on-board 
systems are designed to operate on the centerline of the missile's axis. 

Commercial aircraft and other aircraft which are not protected by active 
jamming systems such as the directed infrared countermeasure systems, are particularly 
vulnerable to shoulder-launched missiles especially when the aircraft descends below 
10,000 feet, currently the effective maximum altitude for such missiles. 
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Military aircraft carry a wide variety of DIRCM systems the purpose of which 
is to detect an incoming missile usually by detecting its plume, and then gimbling the 
laser optics to project a modulated infrared laser beam directly on-axis so as to 
countermeasure the guidance system for the missile by causing it to veer off the target. 

Typically, the missile is aimed directly at the targeted aircraft such that 
providing a modulated laser beam directly towards the missile to countermeasure the 
missile jams the missile's guidance system. To do this the laser beam impinges on the 
transparent dome protecting the missile's seeker directly along the missile's centerline 
at a 0° intercept angle. 

It has been found when the laser beam impinges on the transparent dome of the 
missile at angles greater than 3°, the amount of jamming radiation reaching :. the 
missile's IR detector is significantly reduced. Thus, in the past it was thought that any 
effective laser jamming of the missile had to involve the head-on illumination of the 
missile's seeker. Off-axis illumination of the missile's seeker was found not to be 
particularly effective. 

Note that for aircraft-carried DIRCMs, the success rate of countermeasuring 
infrared seeker missiles has been exceedingly high. The problem however in providing 
commercial aircraft with DIRCMs is both a perceptional problem from the point of 
view of the passengers and also a cost problem. Moreover, there is a problem of 
retrofitting the many existing commercial aircraft even if cost is not an issue. In order 
to retrofit a commercial aircraft, one has at the very least to mount a pod on the aircraft, 
which pod includes cutting a hole in the skin of the aircraft, thus breaching airframe 
integrity. Note also that the current cost of the DIRCM hardware is on the order of one 
million dollars, with the cost of retrofitting the aircraft being an additional one million 
dollars. 
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If cost where not enough of a deterrent for commercial aviation, the provision of 
a pod on a commercial aircraft is clearly visible by passengers and is frightening to 
them. This impediment in addition to having implications for drag, fuel efficiency and 
logistics presents a challenge. Thus having the infrared countermeasure pod visible 
creates passenger anxiety. Also having a large crew required for maintenance, testing 
and boresighting at each turn around for the plane results in a small army of people 
descending on the plane to ready the DIRCM for the flight, likewise an anxiety 
producing experience. 

As can be seen, both the perceptual problem and the cost of modifying the 
aircraft, the cost of logistics, the cost of servicing and the cost of system calibration 
does not provide ready feasibility for aircraft-carried DIRCM type systems. 

Aside from infrared laser-based countermeasure systems, other systems for 
protecting aircraft include LAMP-based DIRCM systems. However, the LAMP-based 
systems do not cover the required infrared band necessary for jamming modern missile 
seekers. 

It is of course possible and not very expensive to eject flares as decoys to 
countermeasure shoulder-launched missiles. However, utilizing flares over a populated 
area is impractical because the flares can start fires. Thus flare type countermeasures 
are not acceptable in an urban environment. 

Some have proposed to put up an IR chaff cloud of hot metal particles that 
radiate in the infrared region of the electromagnetic spectrum. However, every time an 
aircraft is to descend below 10,000 feet to land the idea of dumping hot metal out of the 
tail of the aircraft is unacceptable especially over populated areas. 

Another potential solution is to illuminate a portion of the wing with a laser to 
create a false target on the wing. While analysis supports the fact that an aircraft can 
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survive a missile hitting the wing, while the aircraft might survive, the airline industry 
could not advocate such a solution. 

Another type of countermeasure device which has been proposed is providing a 
fuel-fired mantle which involves towing an TR radiator behind the aircraft. However, 
the cost and complexity of such a system is a deterrent for such an application; and one 
cannot conceive of landing a plane towing a radiator behind it. 

SUMMARY OF THE INVENTION 
Rather than eountermeasuring the infrared seeker of a missile through the 
provision of appropriately modulated on-axis radiation from the aircraft, in the subject 
invention it has been found that illuminating the missile with a laser beam from behind 
results in a sufficient amount eountermeasuring signal to be introduced into the detector 
of the missile that the seeker can be jammed. The radiation aimed up at the missile 
impinges on the transparent dome covering its seeker, with radiation passing through 
the dome from behind at an angle which assures total internal reflection due to the high 
index of refraction of the dome material. The result is that all captured radiation finally 
arrives at the detector utilized in the seeker. Typically the dome used to protect seekers 
is made of a high index of refraction material to permit the transmission of infrared 
therethrough. 

What this means is that shoulder-fired missiles can be countenneasured by 
locating a number of DIRCMs on the ground and gimbeling the laser of the DIRCM to 
provide a beam of modulated long wavelength infrared energy towards the head of the 
missile. Thus rather than modifying the aircraft with the provision of DIRCM pods, 
one can protect the flight path especially around airports and the like by locating an 
array of land-based DIRCMs at least along those flight paths that are below 10,000 feet. 
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It will be appreciated that aircraft generally fly above 10,000 feet and only 
descend to below 10,000 feet when they are landing; or are below 10,000 feet when 
they are taking off. 

It is therefore envisioned that the subject system may be utilized at, for instance, 
positions within ten miles of an airport and thus protect commercial aircraft when they 
are taking off and landing. 

In one embodiment, a DIRCM system operating in the 3 to 5 micron range is 
used to detect the launch of a missile as by detecting its plume either in the UV or IR, 
or may use radar detection techniques. The laser beam from the DIRCM is then 
gimbaled towards the head of the missile. In one embodiment, a 100-W laser is used 
having a 100 microradian beam width to provide sufficient power on target to be able 
to countermeasure the missile. 

As part of the subject invention it has been found that while off-axis radiation at 
less than 90° from the optical axis of the seeker is not particularly effective to 
countermeasure the seeker, after 90° and up to 170° sufficient radiation illuminating the. 
missile from the rear is internally reflected by the seeker dome. This results in 
sufficient internal optical scattering and reflection, OSAR, in the dome to effectively 
countermeasure the IR missile' s seeker. 

Such a back-illuminating system is designed for use in countermeasuring 
Stinger missiles, Red Eye missiles, and SA18, SA16, SA14, SA9, SA7A & B, AT4 and 
AT6 missiles. The reason is that for each of these missiles the seeker is provided with a 
high index of refraction dome on the nose of the missile for protecting its seeker. 

Jammers suitable for utilization as DIRCM jammers include a wide variety of 
laser jammers such as ATRICM units manufactured by BAE Systems, Inc. of Nashua, 
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New Hampshire for which higher power lasers are available and for which more 
accurate pointing systems exist. 

The subject system completely eliminates the utilization of on-board jamming 
systems such as LAMP based systems, internal DIRCM based systems, pod-mounted 
DIRCM based systems, flares, pre-emptive IR chaff, false target generation and towed 
decoy type systems. 

It will be appreciated that providing an off-aircraft laser jamming system is both 
cost effective, eliminates perceptive problems for passengers and can be instandy 
deployed by merely deploying the DIRCM on the ground. 

The area of protection by such systems depends upon the laser power and the 
range of the DIRCM. In general, however, between three and ten miles of coverage 
can be achieved by present laser output levels. Since the amount of time spent by an 
aircraft under 10,000 feet is typically limited to within ten miles of an airport, then 
airport protection utilizing the subject system is both cost effective and quick to deploy. 

Not only can aircraft be protected near or adjacent an airport, assuming the 
flight paths of the aircraft are known, DIRCM modules may be located at various 
strategic points along a projected flight path to provide the necessary protection against 
infrared guided heat seeking missiles. 

In addition to locating the DIRCMs on the ground, one can locate a DIRCM on 
an escort plane flying both ahead of and behind an aircraft to be protected to be able to 
jam an incoming missile from the rear. Even though the incoming missile is directed to 
a plane aft of the escort plane, the missile can be countermeasured through a laser beam 
from the escort plane as it will impinge on the incoming missile from the rear at an 
oblique angle to the missile's track. For escort aircraft aft of a targeted aircraft, a laser 
beam from the following escort aircraft can nonetheless countermeasure the incoming 
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missile from behind when the missile turns to follow the targeted aircraft. In this 
manner, escort planes can be utilized to protect one or more other aircraft. 

In summary., commercial aircraft are protected from attack from guided missiles 
through the utilization of a ground-based directed infrared countermeasure system in 
which the deployment of an IR guided missile is detected off-aircraft and more 
particularly on the ground. An infrared laser beam is projected towards the missile 
such that the projected laser infrared radiation impinges upon the missile from the rear. 
The off-axis infrared radiation illuminates the IR transmissive dome at the head of the 
missile where it is internally reflected back towards the IR detector carried by the 
missile through the total internal reflection characteristics of the dome. The domes of 
these missiles are typically made of high index of refraction IR transmissive materials 
and are prone to total internal reflection. The infrared beam is a modulated so as to 
interfere with the guidance system of the missile causing the missile to execute a turn 
and plunge to the ground. In one embodiment, the long wavelength infrared laser is a 
100-W laser with a beam width of 100 micro-radians, thus to provide a zone of 
protection of about three miles. 



BRIEF DESCRIPTION OF THE DRAWINGS 
These and other features of the subject invention will be better understood in 

connection with the Detailed Description in conjunction with the Drawings, of which: 
Figure 1 is diagrammatic illustration of a countermeasure scenario in which an 

incoming infrared guided missile is countermeasured by jamming radiation from a 

ground-based directed infrared countermeasure unit which directs a laser beam towards 

the missile from the rear thereof; 
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Figure 2 is a diagrammatic illustration of the deployment of ground-based 
directed infrared countermeasure pods or modules along the flight path of an aircraft; 

Figure 3 is a diagrammatic illustration of the protection of a zone about an 
airport in which a number of DIRCM jammer modules or pods are located about the 
airport to be able to countermeasure or jam incoming missiles directed at aircraft on 
various flight paths; 

Figure 4 is a diagrammatic illustration of a seeker dome used at the head of a 
missile illustrating total internal reflection of radiation coming from behind the missile 
that enters the dome and is internally reflected thereby so that it finally reaches the 
seeker's detector; 

Figure 5 is a graph of optical scattering and reflection versus angle of incidence . 
showing that while on-axis detected power is high, the power detected by the seeker's 
detector drops off dramatically as low as W 6 whereas at 90° and thereafter radiation 
projected towards the missile from its rear starts to be detected in sufficient power at 
90° and at 150° is further increased; and, 

Figure 6 is a diagrammatic illustration of the protection of an escorted aircraft 
through the utilization of a DIRCM on-board the escort aircraft flying ahead of the 
protected aircraft. 

DETAILED DESCRIPTION 
Referring now to Figure 1, in a typical airfield scenario for about an airfield 10, 
an aircraft 12 is shown taking off along a flight path 14 until such time as it reaches an 
altitude of 10,000 feet as illustrated by dotted line 16. It is noted that for most 
shouldered-Iaunched IR guided missiles, their altitude limit is approximately 10,000 
feet. 
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In order to countermeasure an infrared guided missile the subject system, the 
plume 20 from an IR guided missile 22 is detected by a detector 24 associated with a 
ground-based IR countermeasure jamming pod 26. The detector may either be an 
infrared detector or an ultraviolet detector, or may be any detector which detects the 
deployment of any such missiles. As can be seen, the missile is shown as being 
shoulder-launched at 30 by an individual 32 who aims the missile 22 in the direction of 
the aircraft target sought to be destroyed. 

The launching of the missile having been detected by detector 24 activates a 
laser pointing control unit 34 to gimbal the head 36 of a directed infrared 
countermeasure front end and projects a laser beam 38 towards the head 40 of missile 
22. Countermeasure modulation available at modulator 42 modulates the laser output 
so as to effectively countermeasure or jam the seeker utilized in missile 22. 

It will be appreciated that the jamming device, in this case the ground-based 
directed infrared countermeasure unit 26, is not located on-aircraft 12 but rather located 
off-aircraft, thus providing protection for aircraft which do not have specially designed 
or mounted countermeasure pods or equipment. 

Referring to Figure 2, assuming one can specify a flight path, here illustrated at 
50, one can deploy a number of jammer pods or modules 52 along the flight path at 
spaced intervals to assure coverage along the complete flight path. These jammer 
modules are in essence any number of a directed infrared countermeasure units, with 
the modules being spaced apart in one embodiment as illustrated by arrows 54 three 
miles. The spacing of the units is of course dependent on the amount of available laser 
output power and the effective beam width of the laser beam. It has been found that 
more than adequate protection can be achieved with a 100-W laser and a beam width of 
100 microradians at 3 to 5 microns. 
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Referring now to Figure 3, area coverage for an airport 60 can be achieved 
through the scattering of IRCM jammer modules 62 about the airport, it being 
understood that around an airport there are a number of projected flight paths 64 which 
usually exist All these flight paths include flight below 10,000 feet such that 
placement of the IRCM jammer modules takes into account the likely flight paths 
below 10,000 feet, as well as laser output power and beam width. 

Referring now to Figure 4, the reason that laser beams behind a missile are 
effective can be seen. Here an JR transmissive protective dome 70 is utilized to protect 
a detector 72 in a missile seeker of missile 74, in which the field of view of the detector 
is determined by optics 76. 

In order to effectively countermeasure such a seeker, one ideally projects 
jamming radiation along the zero axis seeker centerline 78 so that a maximum of 
jamming power is directed into detector 72. In general it was thought that one needed 
to have incoming or .incident radiation within 3° of the seeker centerline such as 
illustrated by dotted line 80. 

However, and as part of the subject invention, has been found that laser beams 
either from the side or from behind the missile are effective to jam or countermeasure 
the missile. 

The reason for the effectiveness of the rearwardly incident laser radiation is the 
internal refraction and . reflection characteristics of dome 70. As mentioned 
hereinbefore, dome 70 is of a high index of refraction material which is selected so as 
to be transmissive at long infrared wavelengths. These long infrared wavelengths 
correspond to the heat generated by aircraft engines such that the infrared-detecting 
missile hones in on the detected heat Signature from its target. 
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However, it has been found that the high index of refraction dome utilized for 
such missiles provides the dome with good total internal reflection characteristics and 
permits the reflection of off-axis incoming radiation onto the seeker detector. Thus, 
incoming radiation is reflected from the interior surface 82 of dome 70 back towards 
optics 76 where the radiation is imaged onto detector 72. 

An off-axis incoming beam 84 coming in at approximately 90° or better with 
respect to axis 78 is internally reflected as illustrated, as is beam 86 coming in at over 
100° and beam 88 coming in at over 150°. 

The result of the above finding is that lasers can be fired at infrared detecting 
missiles from behind the missile as opposed to having to fire jamming radiation directly 
on-axis. 

As can be seen from Figure 5, the detected power of radiation incident on 
detector 74 of Figure 4 relatively high for on-axis dome illumination as illustrated by 
curve 90. Detected power is reduced to 10" 5 relative incident power for a 3° off-axis 
signal. After 3°, the amount of radiation available to detector 72 is quite minimal and 
on the order of 10" 6 . 

However, and as illustrated at 92, at a 90° angle of incidence, the power of the 
jamming radiation increases to 10" 2 clearly significant enough to effectuate jamming. 
Thereafter the optical scattering and reflection quantity is relatively stable at 10" 2 until 
incident radiation comes in at 150° or better. At 150° as seen at 94 the effective power 
incident on detector 72 increases dramatically due to the single hop reflective 
characteristic of the dome. 

What this means is that infrared missiles can be countermeasured or jammed by 
projecting radiation at the missile from behind the missile. This permits effective 
jamming of the missile from off-aircraft devices which may be located on the ground or 

« 
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on other vehicles. The result for commercial aviation is that commercial planes need 
not be retrofitted with countermeasure devices themselves. Not only is this a 
significant cost savings and a savings in time to deployment, no unsightly pods are 
visible on the plane to alarm the passengers. Moreover, terrestrially-based DIRCMs are 
available to be deployed immediately and do not require aircraft modification. 

Additionally, as illustrated in Figure 6, a DIRCM pod 100 may be placed on an 
escort aircraft 102 to protect an escorted aircraft 104 from attack from an IR guided 
missile 106. The reason is that illuminating radiation as illustrated by beam 108 from 
DIRCM pod 100 impinges on missile 106 typically at an angle at or exceeding 90°, 
depending how far ahead of aircraft 104 escort 102 is flying. Depending on the. 
geometry, the escort plane can be aft of the escorted plane and can countermeasure the 
incoming missile from behind if the missile is chasing the targeted aircraft. Thus it is 
possible to protect a number of escorted aircraft utilizing a single IRCM pod on an 
escort aircraft 

Having now described a few embodiments of the invention, and some 
modifications and variations thereto, it should be apparent to those skilled in the art that 
the foregoing is merely illustrative and not limiting, having been presented by the way 
of example only. Numerous modifications and other embodiments are within the scope 
of one of ordinary skill in the art and are contemplated as falling within the scope of the 
invention as limited only by the appended claims and equivalents thereto. 
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WHAT IS CLAIMED IS : 

1. A method for countermeasuring an IR guided missile having a seeker dome and 
launched towards a target, comprising the steps of: 

detecting the launch of the missile; and, 

directing a modulated infrared beam towards the missile from a direction from 
behind the missile, the modulated beam causing the missile to go off-target. 

2. The method of Claim 1, wherein the infrared beam is a laser beam. 

3. The method of Claim 2, wherein the seeker dome is made of a high index of 
refraction material, such that a laser beam having an angle of incidence relative to the 
optical of axis of the seeker greater than 90° is totally internally reflected. 

4. The method of Claim 1, wherein the target is an aircraft operating along a flight 
path and wherein the modulated infrared beam is generated from a terrestrial module. 

5. The method of Claim 4, wherein the laser power and beam width define a 
maximum effective range for countermeasuring the missile and wherein a number of 
the modules are spaced about the flight path. 

6. The method of Claim 5, wherein the output power of the laser exceeds 100 
Watts and the beam width of the beam is limited to below 100 microradians. 

7. The method of Claim 5, wherein the modules are dispensed about an airport. 
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8. The method of Claim 7, wherein the effective range of the missile is 10,000 feet 
and wherein the modules are spaced about the potential airport flight paths so as to 
protect aircraft taking off or landing at the airport by countermeasuring missiles aimed 
at aircraft within range of the missile. 

9. Apparatus for protecting aircraft along their flight paths against attack from an 
incoming IR guided missile having a seeker with an IR detector, comprising: 

a DIRCM module located away from said aircraft and adapted to illuminate said 
IR guided missile with a laser beam from the rear of said missile, said beam being 
modulated to jam said missile to cause said missile to go off-target, wherever said 
aircraft is protected by a non-colocated DIRCM module. 

10. The apparatus of Claim 9, wherein said missile has a seeker dome of a high 
index of refraction material such that laser beams impinging on said dome from the rear 
of said missile are internally reflected by an interior surface of said dome onto the 
detector of said seeker. 

11. The apparatus of Claim 10, wherein said DIRCM module includes a missile 
launch detector and laser beam gimballing optics operable after missile launch 
detection to steer said beam to the launched missile. 

12. The apparatus of Claim 9, wherein said DIRCM module is located at a ground 
level at a range from said flight path so as to deliver effective countermeasuring 
radiation when said aircraft is in range of said missile. 
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13. The apparatus of Claim 9, and further including an escort vehicle and wherein 
said DIRCM module is located at said escort vehicle, whereby said escort vehicle can 
protect escorted aircraft following said escort vehicle. 

14. The apparatus of Claim 9, wherein the intercept angle of said beam with the 
optical axis of said seeker exceeds 90°. 

15. The apparatus of Claim 9, wherein said laser has an output power exceeding 
100 Watts and has a beam width less than 100 microradians. 

> 

16. Apparatus for protecting aircraft along their flight paths against attack from an 
incoming BR guided missile having a seeker with an JR detector, comprising: 

a DIRCM module located away from said aircraft and adapted to illuminate said 
IR guided missile with a laser beam from the rear of said missile, said beam being 
modulated to jam said missile to cause said missile to go off-target, wherever said 
aircraft is protected by a non-colocated DIRCM module; 

a seeker dome on said missile comprised of a high index of refraction material 
such that laser beams impinging on said dome from the rear of said missile are 
internally reflected by an interior surface of said dome onto the detector of said seeker; 
and 

said DIRCM module is located at a ground level at a range from said flight path 
so as to deliver effective countermeasuring radiation when said aircraft is in range of 
said missile. 
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17. The apparatus of Claim 16, wherein said DIRCM module includes a missile 
launch detector and laser beam gimballing optics operable after missile launch 
detection to steer said beam to the launched missile. 

18. The apparatus of Claim 16, and further including an escort vehicle and wherein 
said DIRCM module is located at said escort vehicle, whereby said escort vehicle can 
protect escorted aircraft following said escort vehicle. 

19. The apparatus of Claim 16, wherein the intercept angle of said beam with the 
optical axis of said seeker exceeds 90°. 

20. The apparatus of Claim 16, wherein said laser has an output power exceeding 
100 Watts and has a beam width less than 100 milliradians. 
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